INTRODUCTION
The restoration of endodontically treated teeth with all-ceramic units in high demand esthetic zone, led to the introduction of esthetic posts such as glass fiber reinforced composite resin posts (FRC), and yttrium 
Walaa El Mekkawi and Suad Mohammed ADJ-for Grils, Vol. 5, No. 3 stabilized zirconia-based ceramic posts which are tooth-colored. (1) FRC posts consist of fibers (carbon, quartz, silica, zirconia, or glass) in a resin matrix with a silane coupling agent binding the fibers and matrix together. (2) In addition, the major advantage of the FRC posts is the elastic modulus, which is equal to that of dentin, as well as high durability which may lead to a better distribution of the occlusal loads along the root . (3) The use of resin-based luting agents indicated for the retention of fiber post avoid friction between root canal walls and passively retained posts. (4) In addition, the retention of the post is one of the critical factors that could influence the quality of the restoration. Therefore, for adequate clinical function and for reliable bond formation at the root-post core interfaces, the use of dual-cured or self-curing resin-based cements has been recommended . (5) To convert monomer into polymer in resin-based material, resin cements should be polymerized properly. (6) Moreover, the higher degree of monomer conversion is associated with improvements in the mechanical properties of resin-based materials. (7) Besides, the posts should transmit light to reach an adequate degree of cure at depth to permit curing of the cement throughout the apical region of the tooth. (8) Therefore, translucent fiber posts are used to overcome the problem of lack of curing in deep regions of root. (9) use of fiber post and core systems has been extensively investigated and supported by clinical (10) and laboratory studies. (11) In order to allow for optimal retention and favorable stress distribution inside the root canal (12) resin based luting agents are indicated for fiber post cementation (13) . Light curing resins are not recommended for fiber post cementation because of inadequate depth of cure in the apical portions of the root, even if translucent posts are used (14) .
Therefore, dual-cured and self-cured resin cements have been advised for fiber post cementation. Dual-cured resin cements have been widely used by the clinicians and were investigated in a number of clinical studies. These cements are expected to adequately polymerize in areas which cannot be entirely reached by light as well as in complete absence of light. Nevertheless, it was reported that in the absence of light some dual-cured cements may not reach an adequate degree of conversion. (15) Therefore, light curing was recommended for dual-cured resin cements. Put in our consideration the depth of post space preparations, translucent fiber posts were introduced in order to facilitate light curing. Adequate curing is considered to be especially important in the apical portions of the root canals which have presented impaired adhesion in the studies that deal with differences in adhesion along the post space. Recent investigations pointed out that the amount of transmitted light differs between different fiber posts. Limited or no light transmission was recorded through some fiber posts that were claimed to be translucent by the manufacturers. (17) A significant reduction of the quantity of transmitted light as the depth increased was also reported.
(I8) Concern was raised regarding the ability of fiber posts to transmit light in the amount sufficient for polymerization of dual-cured resin cements in the apical portion of the post space.
The influence of fiber post translucency on the degree of conversion of dual-cured resin cement was investigated. (19) The use of non-light transmitting carbon fiber post resulted in lower degree of conversion at medium depth of the post space in comparison to translucent fiber post. (20) It may be assumed that the amount of light transmitted through the post affects dual-cured resin cement's coupling to root dentin and fiber post, as well as micromechanical properties of the cement it.
Mechanical and chemical surface treatments of fiber-reinforced posts have been tried to overcome
The Effect of Different Surface Treatments on Light Transmittance and Fracture (269) post-cement adhesion failure Mechanical surface treatment such as sandblasting involves spraying a stream of aluminum oxide (Al 2 O 3 ) particles against the post surface under high pressure. It relies on particles abrasion with different particle sizes to remove superficial layer resulted in roughened surface that provides some degree of mechanical interlocking with the adhesive. (21) Airborne-particles abrasion was reported to significantly improve retention of fiber posts cemented with dual-polymerizing resin cements. (22) Enhancing a mechanical interlock in post-cement interface was also attempted through exposure of the post's fibers with sandblasting followed by surface treatment with a silane coupling agent. However, sandblasting with Al 2 O 3 particles. (23) or chemical etching with hydrofluoric acid (24) may cause adverse effects on strength and fit of the fiber post when treatment is performed over a long period of time. (25) Recently, laser etching technology has become available as an alternative for improving roughness and bond strength of dental substrates and materials. (26) The laser types employed in dentistry are argon laser, neodymium-doped yttrium aluminum garnet (Nd: YAG) laser, diode laser, erbium-doped YAG (Er: YAG), and erbium, chromium: Yttrium, scandium, gallium, garnet (Er, Cr: YSGG), and traditionally classified based on the active medium, for example, gas, liquid, solid state, or semiconductor diode. (27) The newly introduced laser, Er, Cr: YSGG, is proposed for treatment of both soft and hard tissues with minimal thermal side-effects with a wavelength of 2.79 mm and represents strong absorption in water (ma = 7000/7cm). (28) Previously, few reports have evaluated the light transmitting ability of posts. (29) However, to date, no studies have examined the effect of surface treatment including laser treatment on light transmitting ability of fiber posts. Therefore, the tested null hypothesis was the surface treatment of fiber posts adversely affect light transmitting ability of fiber posts. Based on these considerations, the aim of this study was to investigate the effect of different surface treatments on light transmission and adhesion of fiber posts.
MATERIALS AND METHODS

Surface treatment of fiber posts:
Prefabricated glass fiber posts (GLASSIX+ Pluse, Nordin, redsize, swiss) (n = 7/per group) were prepared to a length of 10 mm and a coronal diameter of 1.5 mm.
The surface treatments were confined to a 8 mm wide parallel band measured from the coronal end. In Group 1, no surface treatment was performed, and it served as control. In Group 2, the posts were irradiated with erbium, chromium: Yttrium, aluminum, garnet laser. The bonding surfaces of the post specimens were irradiated with an Er-Cr: YSGG laser system (Waterlase MD, Biolase Technology Inc., San Clemente, CA, USA) operating at a wavelength of 2780 nm and having pulse duration of 140-200 ms with a repetition rate of 10 Hz. The power output was set at 1.5 W. In addition, the average exposure time was set at 10 s, and the distance of application was 10 mm. Moreover, air and water spray from the hand piece was adjusted to a level of 85% air and 85% water during the lasing of the specimens.
In Group 3, the posts were sandblasted with 110 um diameter aluminum oxide particles (Rocatec Pre; 3M Espe) at a distance of 1 cm at 2.8 bar for 5 s. In Group 4, posts were etched with 9.6% HF for 60 s and rinsed with deionized water for 2 min. Then silanization (EspeSil) was performed for 60s.
Measurement of light transmission:
Light transmission was measured using a transmission optical light microscope coupled with a spectrometer (Perkin-Elmer FT-IR System 2000 Model, CA, USA). The measurements were 
Measurement of fracture resistance:
Twenty eight sound human decoronated and endodontically treated teeth were embedded in epoxy resin blocks, then divided into four groups (n = 7) according to surface treatment of fiber post. Group 1 (control): roots restored with glass fiber post without surface treatment. Group 2: roots restored with glass fiber Irradiated with erbium: Yttrium-aluminum-garnet laser; Group 3: roots restored with glass fiber abraded with Airborne-particle 110 urn A1 2 O 3 ; Group 4: roots restored with glass fiber post Etched with hydrofluoric acid (HF) + silane application. The specimens were individually mounted at 45° angles and statically compressed until fracture at a 0.5 mm/min crosshead speed with a 5 kN load cell. The type of failure was assessed using a magnification lens.
Data were statistically analyzed.
Statistical analysis
Values were presented as mean and standard deviation (SD) values. One way analysis of variance 
RESULTS
I-Light transmission
The highest mean value was recorded in control, whereas the lowest mean value was recorded after Etched with hydrofluoric acid. ANOVA test revealed that the difference between treatments was statistically significant (p=0.029). Tukey's post hoc test revealed no significant difference between control and LASER. Moreover, there was no significant difference between Laser and Sandblasting. Etched with hydrofluoric acid was significantly lower than control and LASER (Table 1, Fig. l) .
II-Fracture resistance
The highest mean value was recorded after Etching with hydrofluoric acid, whereas the lowest mean value was recorded in Sandblasting group. ANOVA test revealed that the difference between treatments was not statistically significant (p=0 996), (Table 2, Fig.2 ).
The Effect of Different Surface Treatments on Light Transmittance and Fracture Significance level p<0.05
DISCUSSION
The null hypothesis was accepted as statistical analysis revealed differences between light transmittance percentage values of the posts following different surface treatments. It is known that the most important aspect in cementation of a fiber post in the root canal is the limitation of the cure rate as a function of the depth. (30) In addition, residual unreacted monomers formed as a result of incomplete polymerization of the resin cement and adhesive. Moreover, these materials might leak through the apical root filling and could result in inflammatory, cytotoxic, and mutagenic reactions of periodontal tissue. (28, 30) Therefore, to perform adequate light polymerization, the posts should transmit light to permit curing of the cement throughout the apical region of the tooth. (31) A previous study, investigated the light transmission through fiber posts and concluded that cementation of fiber post with no light transmitting ability using dual-cured resin cement resulted in lower percentage of continuity of resin cement-root dentin and resin cement-fiber post in comparison to cementation of light transmitting fiber post. (30) They related this result with the presence of silica-zirconia fibers in the structure of fiber post used in that study. Similarly, the fiber posts used in this study was an esthetic post, composed of silica-zirconia fibers embedded in a resin matrix which might adversely influenced its light transmitting properties as the value of the control group was 54.22±3.09%. In addition, a previous study evaluated light transmission behavior of translucent posts and found values lower than 40% of incident light. (28) However, in this study, except the group treated with silane following HF application (38.19±1 .01), all the groups showed values higher than 40%. This could be attributed to the differences between fiber contents and matrix structure of the posts.
In a previous study, the authors evaluated the effect of surface treatments on bond strength of resin core materials to three different types of fiber posts. (32) They indicated that surface treatment with HF was found to be effective method for improving the bonding of resin core materials to fiber posts except one post group and related this result with modification of the fiber post surfaces with HF. In addition, an enhancement of the surface roughness and a greater exposure of the fibers in comparison to the untreated post might have occurred. In addition, a previous study compared pretreatment methods (HF + silane and H 2 O 2 + silane) of a fiber post on the push-out bond strength to root and showed that dissolution of resin matrix and glass fibers created a rough surface. (33) Besides, in another study, (34) it was stated that surface roughness might affect light scattering properties. Therefore, the lower light transmission values of the group treated with silane following HF application might be related with the surface roughness and thereby decrease in light transmission values. In addition, a previous study indicated that the light scattering intensity increases as the substrate roughness increases. (35) The Er, Cr: YSGG laser chosen in this study was introduced with two different wavelengths to avoid the increase in the temperature of the dental pulp and absorption problems of carbon dioxide laser and the Nd: YAG laser. (36) The lasers are also used to prepare dental materials for bonding on or into tooth surfaces. (37) The specimens treated with laser demonstrated a higher percentage of light transmittance than HF treated and sandblasted groups. This could be attributed to lower deterioration of fiber post surfaces with laser treatment. Furthermore, a previous study evaluated the surface roughness and bond strength of glass fiber posts to a resin cement after various surface treatment and found fiber ruptures in the sandblasted posts when compared with Er: YAG laser irradiated specimens. Moreover, in this study, lower power setting was used (1.5 W) in accordance with a previous study,' 38 'and the surfaces were irradiated with constant water and air cooling. Besides, application parameters of lasers such as energy, output power, pulse duration, and distance could affect surface characteristics and thereby light transmission values of posts. In addition, a study assimilated glass fiber to a multimode fiber optic. As they reported previously, the fiber acts like a core, the matrix like a cladding. In accordance with that study, the differences in the percentage of light transmission values among the posts could be possibly explained by the differences in refraction indices between the core and the cladding materials. (28) Since the conversion of the present in vitro data to clinical outcomes constitutes great difficulty, clinical studies focusing on the effect of laser on dental materials' are needed. Therefore, further research is necessary to evaluate the optical properties of fiber posts in correlation with bond strength of posts to the resin cement in the root canal.
The matrix of modern FRC-post systems generally consists of synthetic resins or bisGMA polymers and only a few systems also contain PMMA chains of a high molecular weight (>220kDa). While fibers in FRC% posts are meant to be the component with high tensile strength, the matrix should be considered to be the part which with stands compressive stresses, due to the high portion of macro-and microfillers in the resin matrix. Another function of matrix composites is the absorption of emerging stresses in the overall post system. Due to the different elastic moduli of glass/silica fibers and matrix composites stresses normally develop at the interface between the fibers and the matrix, and propagate along the surfaces of the fibers when the posts are loaded. Structural failures such as voids, cracks or micro bubbles, which might occur during the manufacturing process, will weaken the post (39) Therefore it can be assumed that not only an increase of the fiber/matrix ratio alone, but also The Effect of Different Surface Treatments on Light Transmittance and Fracture (273) an increase of the total interface area will lead to a higher stiffness and a higher elastic modulus.
However, laboratory studies showed that it is not always desirable to raise the stiffness of FRC-posts to maximum values. The highest fracture strengths of restored teeth were obtained using posts with elastic moduli which were close to the elastic modulus of dentin. High values of elastic modulus often lead to unfavourable root fractures (40,4l) . PMMAchains with a high molecular weight might plasticize the stiff highly cross-linked bisGMA matrix and reduce stress formation in the fiber-matrix interface during deflection (42) . This could be an explanation for the moderately good values of Para Post Fiber White, which contained the least amount of fibers. Embedding of fibers in a resin matrix is the reason for the improvement of the mechanical properties of all the post systems examined. However, the material and the manufacturing process of the fibers in these posts are obviously not identical. Commonly used posts usually contain eglass fibers (electric glass/e-modulus= 73GPa) that consist of SiO 2 , CaO, B 2 O, Al 2 O and a few other oxides of alkali metals in its amorphous phase. R-Glass (86 GPa) and S-glass (high-strengthglass/87GPa) are also amorphous but differ in composition. (42 The filament diameters of R-and Sglass are smaller which enhances the matrix ability to spread between the fibers and leads to an increase in inter laminar tightness. A similar quartzglass used in DT Light-Post and DT White-Post is made out of pure silica. Its elastic modulus does not differ much from the other types of glasses but its low coefficient of thermal expansion seems to benefit the structural integrity during thermal alteration (43 44) An other re-enforcing effect of fiber scan be created during the manufacturing process of posts. Pre-stressed fibers are soaked with resin and release after curing. This procedure causes compression of the glass fibers which are able to absorb tensile stresses while the post is exposed to flexural forces. Pre-treatment of fiber surfaces by sandblasting or silanization techniques are other methods essential in improving the strength of the fiber /matrix interface (45) The present study aimed to show a correlation between mechanical properties and structural characteristics of selected FRC-post systems. This correlation could be detected between fiber/matrix ratio and flexural strength for fiber post. We didn't find investigations concide with our present study so we recommend further studies on the fracture resistance.
CONCLUSIONS
1. The surface treatments on fiber post might have negative effects on light transmitting properties.
2.
The surface treatments on fiber post have no significant difference on fracture resistance.
